Previous studies have found evidence for reduced cortical inhibition in aging visual cortex. Reduced inhibition could plausibly increase the spatial area of excitation in receptive fields of older observers, as weaker inhibitory processes would allow the excitatory receptive field to dominate and be psychophysically measureable over larger areas. Here, we investigated aging effects on spatial summation of motion direction using the Battenberg summation method, which aims to control the influence of locally generated internal noise changes by holding overall display size constant. This method produces more accurate estimates of summation area than conventional methods that simply increase overall stimulus dimensions. Battenberg stimuli have a checkerboard arrangement, where check size (luminance-modulated drifting gratings alternating with mean luminance areas), but not display size, is varied and compared with performance for a full field stimulus to provide a measure of summation. Motion direction discrimination thresholds, where contrast was the dependent variable, were measured in 14 younger (24-34 years) and 14 older (62-76 years) adults. Older observers were less sensitive for all check sizes, but the relative sensitivity across sizes, also differed between groups. In the older adults, the full field stimulus offered smaller performance improvements compared to that for younger adults, specifically for the small checked Battenberg stimuli. This suggests aging impacts on short-range summation mechanisms, potentially underpinned by larger summation areas for the perception of small moving stimuli.
Introduction
Age-related declines in human visual motion processing cannot be entirely due to increased intraocular light scatter or increased optical aberrations that accompany aging, as degrading visual acuity in younger observers does not impair direction discrimination (Ball & Sekuler, 1986; Owsley, 2011) . Rather, motion processing deficits may be the consequence of dysfunctional inhibitory mechanisms in the aging brain (Leventhal, Wang, Pu, Zhou, & Ma, 2003; Schmolesky, Wang, Pu, & Leventhal, 2000) . Liang et al. (2010) , using single cell recording techniques, found reduced direction selectivity, increased spontaneous activity and decreased signal-to-noise in visual cortical areas MT and V1 of older macaques, which were suggested to arise, at least in part, from reduced age-related efficacy of inhibition.
One potential effect of reduced inhibition with aging is disrupted balance of the excitatory-inhibitory receptive field properties of centersurround visual cortical neurons. These neurons increase their response, due to summation of neural responses, as increasingly larger stimuli moving in the cell's preferred direction are presented inside the classical receptive field (CRF, Allman, Miezin, & McGuinness, 1985) . Once the spatial extent of the stimulus spreads beyond the CRF boundary, concurrently stimulating the extra-classical surround region, the neuron's response is suppressed. The suppressive strength of the inhibitory receptive field of V1 cells has been reported to be reduced in older primates (Fu et al., 2010) , a finding often attributed to a global decrease in GABA-mediated inhibition in the aging brain (Hua, Kao, Sun, Li, & Zhou, 2008; Hua et al., 2006; Leventhal et al., 2003) . In humans, post-mortem V1 samples from older adults (2 samples over 55 years old) contained reduced amounts of pre-and post-synaptic GABAergic markers compared to younger adults (2 samples between 18 and 45 years old). Conversely, there is also emerging evidence for increased GABA levels in visual cortex of aged macaques (Liao, Han, Ma, & Su, 2016 ) and a recent study of human subjects found that pharmacologically increasing GABA-mediated neural inhibition lead to weaker spatial suppression and increased summation (Schallmo et al., 2017) . Therefore, despite neurophysiological evidence for changes in GABA circuitry with aging, these changes are complex and only partially understood, and whether these changes are related to increases/decreases 
